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FOREWORD

This toxicological profile is prepared in accordance with guidelines developed by the Agency for
Toxic Substances and Disease Registry (ATSDR) and the Environmental Protection Agency (EPA). The
original guidelines were published in the Federal Register on April 17, 1987. Each profile will be revised
and republished as necessary.

The ATSDR toxicological profile succinctly characterizes the toxicologic and adverse health
effects information for the hazardous substance described therein. Each peer-reviewed profile identifies
and reviews the key literature that describes a hazardous substance’s toxicologic properties. Other
pertinent literature is also presented, but is described in less detail than the key studies. The profile is not
intended to be an exhaustive document; however, more comprehensive sources of specialty information
are referenced.

The focus of the profiles is on health and toxicologic information; therefore, each toxicological
profile begins with a public health statement that describes, in nontechnical language, a substance’s
relevant toxicological properties. Following the public health statement is information concerning levels
of significant human exposure and, where known, significant health effects. The adequacy of information
to determine a substance’s health effects is described in a health effects summary. Data needs that are of
significance to protection of public health are identified by ATSDR and EPA.

Each profile includes the following:

(A) The examination, summary, and interpretation of available toxicologic information and
epidemiologic evaluations on a hazardous substance to ascertain the levels of significant
human exposure for the substance and the associated acute, subacute, and chronic health
effects;

(B) A determination of whether adequate information on the health effects of each substance
is available or in the process of development to determine levels of exposure that present

a significant risk to human health of acute, subacute, and chronic health effects; and

©) Where appropriate, identification of toxicologic testing needed to identify the types or
levels of exposure that may present significant risk of adverse health effects in humans.

The principal audiences for the toxicological profiles are health professionals at the Federal,
State, and local levels; interested private sector organizations and groups; and members of the public.
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The toxicological profiles are developed in response to the Superfund Amendments and
Reauthorization Act (SARA) of 1986 (Public Law 99-499) which amended the Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA or Superfund). This
public law directed ATSDR to prepare toxicological profiles for hazardous substances most commonly
found at facilities on the CERCLA National Priorities List and that pose the most significant potential
threat to human health, as determined by ATSDR and the EPA. The availability of the revised priority
list of 275 hazardous substances was announced in the Federal Register on October 21, 1999
(64 FR 56792). For prior versions of the list of substances, see Federal Register notices dated
April 17, 1987 (52 FR 12866); October 20, 1988 (53 FR 41280); October 26, 1989 (54 FR 43619),
October 17, 1990 (55 FR 42067); October 17, 1991 (56 FR 52166); October 28, 1992 (57 FR 48801);
February 28, 1994 (59 FR 9486); April 29, 1996 (61 FR 18744); and November 17, 1997 (62 FR 61332).
Section 104(i)(3) of CERCLA, as amended, directs the Administrator of ATSDR to prepare a
toxicological profile for each substance on the list. :

This profile reflects ATSDR’s assessment of all relevant toxicologic testing and information that
has been peer-reviewed. Staff of the Centers for Disease Control and Prevention and other Federal
scientists have also reviewed the profile. In addition, this profile has been peer-reviewed by a
nongovernmental panel and is being made available for public review. Final responsibility for the
contents and views expressed in this toxicological profile resides with ATSDR.

QW@A/

Jeffrey P. o , M.D, M.P.H.
Administrator

Agency for Toxic Substances and
Disease Registry
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QUICK REFERENCE FOR HEALTH CARE PROVIDERS

Toxicological Profiles are a unique compilation of toxicological information on a given hazardous
substance. Each profile reflects a comprehensive and extensive evaluation, summary, and interpretation of
available toxicologic and epidemiologic information on a substance. Health care providers treating
patients potentially exposed to hazardous substances will find the following information helpful for fast
answers to often-asked questions.

Primary Chapters/Sections of Interest

Chapter 1: Public Health Statement: The Public Health Statement can be a useful tool for educating
patients about possible exposure to a hazardous substance. It explains a substance’s relevant
toxicologic properties in a nontechnical, question-and-answer format, and it includes a review of
the general health effects observed following exposure.

Chapter 2: Relevance to Public Health: The Relevance to Public Health Section evaluates, interprets, and
assesses the significance of toxicity data to human health.

Chapter 3. Health Effects: Specific health effects of a given hazardous compound are reported by #ype of
health eftect (death, systemic, immunologic, reproductive), by roufe of exposure, and by length of
exposure (acute, intermediate, and chronic). In addition, both human and animal studies are
reported in this section.

NOTE: Not all health effects reported in this section are necessarily observed in
the clinical setting. Please refer to the Public Health Statement to identify
general health effects observed following exposure.

Pediatrics: Four new sections have been added to each Toxicological Profile to address child health
issues:
Section 1.6 How Can (Chemical X) Affect Children?
Section 1.7 How Can Families Reduce the Risk of Exposure to (Chemical X)?
Section 3.7 Children’s Susceptibility
Section 6.6 Exposures of Children

Other Sections of Interest:
Section 3.8 Biomarkers of Exposure and Effect
Section 3.11  Methods for Reducing Toxic Effects

ATSDR Information Center
Phone: 1-888-42-ATSDR or (404) 498-0110  Fax: (404) 498-0057
E-mail: atsdric@cdc.gov Internet: http://www.atsdr.cdc.gov

The following additional material can be ordered through the ATSDR Information Center:

Case Studies in Environmental Medicine: Taking an Exposure History—The importance of taking an
exposure history and how to conduct one are described, and an example of a thorough exposure
history is provided. Other case studies of interest include Reproductive and Developmental
Hazards; Skin Lesions and Environmental Exposures; Cholinesterase-Inhibiting Pesticide
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Toxicity; and numerous chemical-specific case studies.

Managing Hazardous Materials Incidents is a three-volume set of recommendations for on-scene
(prehospital) and hospital medical management of patients exposed during a hazardous materials
incident. Volumes I and II are planning guides to assist first responders and hospital emergency
department personnel in planning for incidents that involve hazardous materials. Volume
lI—Medical Management Guidelines for Acute Chemical Exposures—is a guide for health care
professionals treating patients exposed to hazardous materials.

Fact Sheets (ToxFAQs) provide answers to frequently asked questions about toxic substances.

Other Agencies and Organizations

The National Center for Environmental Health (NCEH) focuses on preventing or controlling disease,
injury, and disability related to the interactions between people and their environment outside the
workplace. Contact: NCEH, Mailstop F-29, 4770 Buford Highway, NE, Atlanta, GA 30341-
3724 « Phone: 770-488-7000 « FAX: 770-488-7015.

The National Institute for Occupational Safety and Health (NIOSH) conducts research on occupational
diseases and injuries, responds to requests for assistance by investigating problems of health and
safety in the workplace, recommends standards to the Occupational Safety and Health
Administration (OSHA) and the Mine Safety and Health Administration (MSHA), and trains
professionals in occupational safety and health. Contact: NIOSH, 200 Independence Avenue,
SW, Washington, DC 20201 * Phone: 800-356-4674 or NIOSH Technical Information Branch,
Robert A. Taft Laboratory, Mailstop C-19, 4676 Columbia Parkway, Cincinnati, OH 45226-1998
* Phone: 800-35-NIOSH.

The National Institute of Environmental Health Sciences (NIEHS) is the principal federal agency for
biomedical research on the effects of chemical, physical, and biologic environmental agents on
human health and well-being. Contact: NIEHS, PO Box 12233, 104 T.W. Alexander Drive,
Research Triangle Park, NC 27709 « Phone: 919-541-3212.

Referrals

The Association of Occupational and Environmental Clinics (AOEC) has developed a network of clinics
in the United States to provide expertise in occupational and environmental issues. Confact:
AOEC, 1010 Vermont Avenue, NW, #513, Washington, DC 20005 * Phone: 202-347-4976 »
FAX: 202-347-4950 « e-mail: AOEC@AOEC.ORG « Web Page: http://www.aoec.org/.

The American College of Occupational and Environmental Medicine (ACOEM) is an association of
physicians and other health care providers specializing in the field of occupational and
environmental medicine. Contact: ACOEM, 55 West Seegers Road, Arlington Heights, IL
60005 « Phone: 847-818-1800 « FAX: 847-818-9266.
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CONTRIBUTORS
CHEMICAL MANAGER(S)/AUTHORS(S):
Zemoria A. Rosemond, B.A.

ATSDR, Division of Toxicology, Atlanta, GA

Richard Amata, Ph.D.
Syracuse Research Corporation, North Syracuse, NY

Dolores A. Beblo, Ph.D.
Syracuse Research Corporation, North Syracuse, NY

THE PROFILE HAS UNDERGONE THE FOLLOWING ATSDR INTERNAL REVIEWS:

1. Health Effects Review. The Health Effects Review Committee examines the health effects
chapter of each profile for consistency and accuracy in interpreting health effects and classifying
end points.

2. Minimal Risk Level Review. The Minimal Risk Level Workgroup considers issues relevant to

substance-specific minimal risk levels (MRLs), reviews the health effects database of each
profile, and makes recommendations for derivation of MRLs.

3. Data Needs Review. The Research Implementation Branch reviews data needs sections to assure
consistency across profiles and adherence to instructions in the Guidance.
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PEER REVIEW

A peer review panel was assembled for mustard gas. The panel consisted of the following members:

1.  Dr. Mohammed Mustafa, Associate Professor, Division of Environmental and Occupational
Sciences, University of California, Los Angeles, California.

2. Mr. Bruce Jacobs, Chief Health Scientist, General Physics Corporation, Columbia, Maryland.

3. Dr. Raymond Smith, Instructor, Department of Pathology and Microbiology, University of
Nebraska, Omaha, Nebraska.

These experts collectively have knowledge of mustard gas' physical and chemical properties, toxico-
kinetics, key health end points, mechanisms of action, human and animal exposure, and quantification of
risk to humans. All reviewers were selected in conformity with the conditions for peer review specified
in Section 104(I)(13) of the Comprehensive Environmental Response, Compensation, and Liability Act,
as amended.

Scientists from the Agency for Toxic Substances and Disease Registry (ATSDR) have reviewed the peer
reviewers' comments and determined which comments will be included in the profile. A listing of the
peer reviewers' comments not incorporated in the profile, with a brief explanation of the rationale for their
exclusion, exists as part of the administrative record for this compound. A list of databases reviewed and
a list of unpublished documents cited are also included in the administrative record.

The citation of the peer review panel should not be understood to imply its approval of the profile's final
content. The responsibility for the content of this profile lies with the ATSDR.

***DRAFT FOR PUBLIC COMMENT***






MUSTARD GAS Xiii

CONTENTS
FOREWO R D .. e v
QUICK REFERENCE FOR HEALTH CAREPROVIDERS . ... ... .. .. ... .. .. ... .. ... .. ... vii
CONTRIBUTORS . . .o e e e e e e iX
PEER REVIEW . o e Xi
LIST OF FIGURES . .. o e e e e e e e XVvii
LIST OF TABLES .. .o e e e e e Xix
1. PUBLIC HEALTH STATEMENT . . .. . e e e e 1
1.1  WHAT IS MUSTARD GAS? . e e e e e 1
1.2 WHAT HAPPENS TO MUSTARD GAS WHEN IT ENTERS THE ENVIRONMENT? .... 2
1.3 HOW MIGHT I BE EXPOSED TO MUSTARD GAS? . ... .. i 3
1.4 HOW CAN MUSTARD GAS ENTER AND LEAVEMY BODY? ..................... 3
1.5 HOW CAN MUSTARD GAS AFFECT MY HEALTH? ........ ... ... .. ... ... ..... 3
1.6 HOW CAN MUSTARD GAS AFFECT CHILDREN? . ... ... ... ... .. ... ... ... 4
1.7 HOW CAN FAMILIES REDUCE THE RISK OF EXPOSURE TO MUSTARD GAS? ... .. 5
1.8 IS THERE A MEDICAL TEST TO DETERMINE WHETHER I HAVE BEEN EXPOSED TO
MUSTARD GA S e e e e e 5
1.9 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO
PROTECT HUMAN HEALTH? . ... e e 5
1.10 WHERE CAN I GET MORE INFORMATION? .. ... ... . . i 6
2. RELEVANCE TO PUBLIC HEALTH .. ... .. e e 9
2.1 BACKGROUND AND ENVIRONMENTAL EXPOSURES TO MUSTARD GAS IN THE
UNITED STATES . . e e e e e e 9
2.2 SUMMARY OF HEALTH EFFECTS . . ... .. e 9
2.3 MINIMAL RISK LEVELS (MRLS) . . . oot e e e e 11
3. HEALTH EFFECTS . .o e e e e e e e e e e 17
3.1 INTRODUCTION ... e e e e e e e e e 17
3.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE ................. 18
3.2.1 Inhalation EXposure . ............ it e 19
32,11 Death ..o 20
32.1.2 Systemic Effects .......... . ... . . 21
3.2.1.3 Immunological and Lymphoreticular Effects ...................... 32
3.2.1.4 Neurological Effects ............. ... ... . .. . ... 33
3.2.1.5 Reproductive Effects ............. ... ... . .. . . . .. 33
3.2.1.6  Developmental Effects .............. ... ... .. ... ... .. ... ..... 34
3217 CanCeI ..ottt 35
3.2.2  Oral EXpoSUIe ..ot 39
3221 Death .. o 39
3222 Systemic Effects .......... .. .. . . 40
3.2.2.3 Immunological and Lymphoreticular Effects ...................... 49
3.2.24 Neurological Effects ............. ... ... ... .. 49

***DRAFT FOR PUBLIC COMMENT***



MUSTARD GAS Xiv

33
34

3.5

3.6
3.7
3.8

3.9
3.10
3.11

3.2.2.5 Reproductive Effects ............. .. 50

3.22.6  Developmental Effects ............. .. ... .. . . . . . 51

3227 CanCEI ..ottt 51
323  Dermal EXpoSUre . ... ... ...t e 52

3231 Death ..o 52

3.23.2 Systemic Effects ............ .. 52

3.2.3.3 Immunological and Lymphoreticular Effects ...................... 57

3.2.3.4 Neurological Effects .......... ... .. . . i 57

3.2.3.5 Reproductive Effects ........... ... . 58

3.23.6 Developmental Effects ............. .. ... .. . . . . . . 58

3237 CanCer ..ottt e 58
3.2.4  Other Routes of EXposure .. ....... ... ... 58
GENOTOXICITY ottt e e e e e e e e e e 59
TOXICOKINETICS . . oo e e e e e e e 63
341 ADSOIPHON ..\ttt ettt e e 63

3.4.1.1 Inhalation EXposure . ... ...... ...ttt 63

34.1.2  Oral EXposure .. .........ouiuiii i 64

34.13  Dermal EXpoSure . . ...ttt 64

3.4.1.4 Other Routes of Exposure .......... .. .. . ... 65
342 DIStribUtiON .. ... 65

3.4.2.1 Inhalation EXposure . ......... ...ttt 65

3422  Oral EXposure .. .........ouiuiiin i 65

3423 Dermal EXpoSure . .. ..... .ottt 66

3424 Other Routes of Exposure .......... .. .. . .. 66
343 MetaboliSIm . . ..ot e 68

3.4.3.1 Inhalation EXposure . ......... ...ttt 68

3432  Oral EXposure .. .........oouiuiiin i 68

3433 Dermal EXposure . .. ... ...t 68

3434 Other Routes of Exposure . ....... ... .. . .. 68
344  Elimination and EXcretion . ........ ... ... i 69

3.4.4.1 Inhalation EXposure . . ........ ...ttt 69

3442  Oral EXposure .. .........ouiuiiiini 70

3443 Dermal EXpoSure . . ... ...ttt 70

3444 Other Routes of Exposure ........ ... .. . . .. 70
3.4.5  Physiologically Based Pharmacokinetic (PBPK)/Pharmacodynamic (PD)

MoOdeIS . .o 71
MECHANISMS OF ACTION . ..o e e e e 74
3.5.1  Pharmacokinetic Mechanisms . ............... . i 74
3.52  Mechanisms of TOXICILY . . ..ot vttt e e et 74
3.5.3  Animal-to-Human Extrapolations ............. .. .. .. ... .. .. .. 81
Toxicities Mediated Through the Neuroendocrine AXis .................c.vuvuvnn.. 81
CHILDREN’S SUSCEPTIBILITY ...ttt e e e e 85
BIOMARKERS OF EXPOSURE AND EFFECT . ... ... . i 87
3.8.1  Biomarkers Used to Identify or Quantify Exposure to Mustard Gas . ............ &9
3.8.2  Biomarkers Used to Characterize Effects Caused by Mustard Gas .............. 90
INTERACTIONS WITH OTHER CHEMICALS . ... ... . i 92
POPULATIONS THAT ARE UNUSUALLY SUSCEPTIBLE ....................... 92
METHODS FOR REDUCING TOXIC EFFECTS ...... ... . i 92
3.11.1 Reducing Peak Absorption Following Exposure ............ ... .. .. ... ... ... 93
3.11.2 Reducing Body Burden ......... ... .. . . 94
3.11.3 Interfering with the Mechanism of Action for Toxic Effects . .................. 97

***DRAFT FOR PUBLIC COMMENT***



MUSTARD GAS XV

3.12 ADEQUACY OF THE DATABASE . . ..o e 98
3.12.1 Existing Information on Health Effects of Mustard Gas ..................... 100

3.12.2 Identification of Data Needs ............. ..o iiiuiiiiinininnnn... 100

3,123 0Ongoing StUdIes . . . ..ottt e 106

4. CHEMICAL AND PHYSICAL INFORMATION ... ... e 109
4.1 CHEMICAL IDENTITY ...t e e e 109

4.2 PHYSICAL AND CHEMICAL PROPERTIES . ... ... . i 109

5. PRODUCTION, IMPORT/EXPORT, USE, AND DISPOSAL ....... .. .. .. ..., 115
5.1 PRODUCTION . . e e e e e 115

5.2 IMPORT/EXPORT ... e e e 115

5.3 USE L 117

54 DISPOSAL ..o 117

6. POTENTIAL FOR HUMAN EXPOSURE .. ... ... . i 121
6.1 OVERVIEW .. 121

6.2 RELEASES TO THE ENVIRONMENT . . ... .. e 121
6.2.1 AT L 123

6.2.2  WaleT ..o 123

6.2.3  S00l .. 123

6.3 ENVIRONMENTAL FATE . ... e 123
6.3.1  Transport and Partitioning . ............ ... ..t 123

6.3.2  Transformation and Degradation ................ .. .. ... 0 i, 124

0.3.2.1 AT o 124

6.3.2.2  Water . ..ot 125

6.3.23 Sedimentand Soil ........ ... ... ... 127

6.3.24 OtherMedia........ ... 127

6.4 LEVELS MONITORED OR ESTIMATED IN THE ENVIRONMENT ............... 127
6.4.1 AT o 127

6.4.2  Waler ... 128

6.43  Sedimentand Soil ........ ... 128

6.4.4  Other Environmental Media . .......... ... ... .. . ... 128

6.5 GENERAL POPULATION AND OCCUPATIONAL EXPOSURE .................. 128

6.6 EXPOSURES OF CHILDREN . ... . e 129

6.7 POPULATIONS WITH POTENTIALLY HIGH EXPOSURES . ..................... 129

6.8 ADEQUACY OF THE DATABASE . . ..o e 130
6.8.1  Identification of Data Needs ............. ..., 130

6.8.2  Ongoing StUdies . . .. ..ottt 132

7. ANALYTICAL METHODS . . .. e e e e 133
7.1 BIOLOGICAL SAMPLES . . .. e 133

7.2 ENVIRONMENTAL SAMPLES . . .. e 136

7.3 ADEQUACY OF THE DATABASE . . ..o e 140
7.3.1  Identification of Data Needs ............. ..., 140

7.3.2  0ngoing StUdIes . . . .ottt 141

8. REGULATIONS AND ADVISORIES ... .. e e e 143
0. REFERENCES . .. e e e e e 151

***DRAFT FOR PUBLIC COMMENT***



MUSTARD GAS Xvi

10. GLOS S ARY . e 185
APPENDICES
A. ATSDR MINIMAL RISK LEVELS AND WORKSHEETS . ...... ... ... ... .. .. ... A-1
B.  USER’SGUIDE . ... e e e B-1
C. ACRONYMS, ABBREVIATIONS, AND SYMBOLS ....... ... . . i, C-1
D, INDEX .o e D-1

***DRAFT FOR PUBLIC COMMENT***



MUSTARD GAS Xvii

3-1.

3-3.

3-4.

5-1.

6-1.

LIST OF FIGURES

Levels of Significant Exposure to Mustard Gas-Inhalation .. ............................. 23

. Levels of Significant Exposure to Mustard Gas-Oral ................................... 45

Conceptual Representation of a Physiologically Based Pharmacokinetic (PBPK) Model for a

Hypothetical Chemical Substance . ........... ... it 73
Existing Information on Health Effects of Mustard Gas . ............................... 101
Locations of Mustard Gas Storage Sites in the United States ............................ 116
Frequency of NPL Sites with Mustard Gas Contamination .. ............................ 122
. Primary Hydrolysis Pathways of Mustard Gas in the Environment ....................... 126

***DRAFT FOR PUBLIC COMMENT***






MUSTARD GAS XiX

3-1.

3-3.

3-4.

4-1.

4-2.

4-3.

4-4,

5-1.

7-2.

8-1.

LIST OF TABLES

Levels of Significant Exposure to Mustard Gas-Inhalation .. ............................. 22
. Levels of Significant Exposure to Mustard Gas-Oral ................................... 41
Genotoxicity of Mustard Gas /n Vitro . .. ... .. . . e 62
Ongoing Studies on Health Effects of Mustard Gas ............. ... ... ... ... .. ........ 107
Chemical Identity of Mustard Gas . . ......... i et e 110
Typical Composition of Mustard Gas (H) from an Old Chemical Munition ................ 111
Typical Composition of Mustard Gas (HD) in 1-Ton Storage Containers
(Aberdeen, Maryland) . . ... ... e 112
Physical and Chemical Properties of Mustard Gas . .............. ... .ot .. 113
Original Stockpile Quantities of Mustard Gas as Munitions and Bulk Agent . . .............. 118
. Analytical Methods for Determining Mustard Gas in Biological Samples .................. 134
Analytical Methods for Determining Mustard Gas in Environmental Samples .............. 137
Regulations and Guidelines Applicableto Mustard Gas .. ........... ... ... .. 146

***DRAFT FOR PUBLIC COMMENT***






MUSTARD GAS 1

1. PUBLIC HEALTH STATEMENT

This public health statement tells you about mustard gas and the effects of exposure.

The Environmental Protection Agency (EPA) identifies the most serious hazardous waste sites in
the nation. These sites make up the National Priorities List (NPL) and are the sites targeted for
long-term federal cleanup activities. Mustard gas has been found in at least 3 of the

1,585 current or former NPL sites. However, the total number of NPL sites evaluated for
mustard gas is not known. As more sites are evaluated, the sites at which mustard gas is found
may increase. This information is important because exposure to mustard gas may harm you and

because these sites may be sources of exposure.

When a substance is released from a large area, such as an industrial plant, or from a container,
such as a drum or bottle, it enters the environment. This release does not always lead to
exposure. You are exposed to a substance only when you come in contact with it. You may be

exposed by breathing, eating, or drinking the substance, or by skin contact.

If you are exposed to mustard gas, many factors determine whether you’ll be harmed. These
factors include the dose (how much), the duration (how long), and how you come in contact with
it. You must also consider the other chemicals you’re exposed to and your age, sex, diet, family

traits, lifestyle, and state of health.

1.1 WHAT IS MUSTARD GAS?

The term mustard gas refers to several chemicals. In its most common sense, it means sulfur
mustard, which is the chemical that is stored at Army facilities. Mustard gas does not behave as
a gas under ordinary conditions. The commonly used term mustard gas can be confusing, since
the compound is stored as a liquid and is not likely to change into a gas immediately if it is
released at ordinary temperatures. As a liquid, it is colorless when pure and it is brown when

mixed with other chemicals. It is odorless when pure, but can have a slight garlic smell when
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1. PUBLIC HEALTH STATEMENT

mixed with other chemicals. It dissolves easily in fats, oils, alcohol, and gasoline. Mustard gas
dissolves slowly in unstirred water, but within minutes in stirred water. When it does dissolve, it
turns into different chemicals. It was made to be used in chemical warfare and was used as early
as World War I and as late as the Iran-Iraq War in 1980-1988. It is not used in the United
States, except for laboratory testing of health effects and antidotes. More information on the

physical and chemical properties of mustard gas can be found in Chapters 4 and 5.

1.2 WHAT HAPPENS TO MUSTARD GAS WHEN IT ENTERS THE
ENVIRONMENT?

Mustard gas is not found naturally in the environment in any amount. If mustard gas is
accidentally spilled at an Army base where it is stored, it could be released into the environment.
Currently, all of the mustard gas at these Army bases is being destroyed by burning. The law
requires that the Department of Defense destroy all mustard gas by 2004. Once all of the
mustard gas is destroyed, it will no longer be dangerous. If mustard gas is put on soil, it will
remain there for at least a day, but may remain up to several days until it disappears. The time it
takes for mustard gas to disappear from soil depends on how hot it is outside and how strongly
the wind is blowing. If it is hot and the wind is strong, then mustard gas will disappear faster.
When mustard gas disappears from soil, it becomes a gas or changes into other compounds if the
soil is wet. However, if mustard gas is buried underground, it may not disappear for several
years. Mustard gas will not move through soil to underground water. If mustard gas is put in
water, it dissolves within minutes if the water is stirred, and slowly if is not. When it does
dissolve, it changes to other compounds. The time necessary for a quantity of mustard gas that is
dissolved in water to decrease by half is about 2 minutes at 40 EC (104EF). If large amounts of
mustard gas are spilled into water, most of the mustard gas will change to other compounds very
slowly or not at all. If mustard gas is released into air, it will react with components in the air to
form other compounds. The time necessary for a quantity of mustard gas in air to decrease by
half is about 2 days at 25 EC (77EF). Because mustard gas changes to other chemicals in the
environment, it will not concentrate in plants or animals. For more information on what happens

when mustard gas enters the environment, see Chapter 6.
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1. PUBLIC HEALTH STATEMENT

1.3 HOW MIGHT | BE EXPOSED TO MUSTARD GAS?

Mustard gas is not currently being produced in the United States. The only possibility of
exposure of the general public is through accidental release from the Army bases where it is
stored. Storage areas are heavily guarded, and storage buildings are sealed. People who work at
these Army bases are more likely to be exposed. Mixed in water, mustard gas changes its form
within minutes, so it is very unlikely that you would ever drink it. Any possibility of exposure of
the general population by way of water (drinking, cooking, bathing, swimming) is therefore very
small. Mustard gas does not occur naturally, and, therefore, there are no background levels in
the soil, air, water, or food. If it is accidentally released, it will stay in the air or on the ground

for 1-3 days. For more information on possible exposures, see Chapter 6.

1.4 HOW CAN MUSTARD GAS ENTER AND LEAVE MY BODY?

Mustard gas can enter your body easily and quickly if you breathe the gas vapors or if you get it
on your skin. It can easily pass through your clothing to get onto your skin. It is possible that
you could breathe mustard gas or get it on your skin at hazardous waste sites that contain this
material. Mustard gas changes into other chemicals in your body, and these chemicals mostly

leave your body in the urine within a few weeks. For more information, see Chapter 3.

1.5 HOW CAN MUSTARD GAS AFFECT MY HEALTH?

One way to see if a chemical will hurt people is to learn how the chemical is absorbed, used, and
released by the body; for some chemicals, animal testing may be necessary. Animal testing may
also be used to identify health effects such as cancer or birth defects. Without laboratory
animals, scientists would lose a basic method to get information needed to make wise decisions
to protect public health. Scientists have the responsibility to treat research animals with care and
compassion. Laws today protect the welfare of research animals, and scientists must comply

with strict animal care guidelines.
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1. PUBLIC HEALTH STATEMENT

Mustard gas burns your skin and causes blisters within a few days. The parts of your body that
are sweaty are the most likely to be harmed. Mustard gas makes your eyes burn, your eyelids
swell, and causes you to blink a lot. If you breathe it, mustard gas can cause coughing,
bronchitis, and long-term respiratory disease. Mustard gas may affect reproduction. Some men
exposed to mustard gas during war have reported decreased sexual drive and have had lower
sperm counts. The Department of Health and Human Services has determined that mustard gas
is a known carcinogen. The International Agency for Research on Cancer has also determined
that mustard gas is carcinogenic to humans. It can cause cancer in your airways and lungs later
in life. If you are exposed to a very large amount of mustard gas, you can eventually die from it.
Some of the chemicals that are formed when mustard gas is burned or spilled into water can also

be irritating to the skin.

1.6 HOW CAN MUSTARD GAS AFFECT CHILDREN?

This section discusses potential health effects from exposures during the period from conception

to maturity at 18 years of age in humans.

Mustard gas causes the eyes and skin of children to burn similarly to adults; however, the burns
are more severe in children. Blisters appear sooner, as early as 4 hours after mustard gas contact
with skin. Coughing and vomiting are early symptoms of exposure to mustard gas in children.
Mustard gas vapors are heavier than air and since young children are closer to the ground or
floor because of their height, they may be exposed to more mustard gas vapors than adults during
accidental exposures. Mustard gas may cause birth defects or affect the development of
children. An increased incidence of birth defects has been reported among newborn babies of
mustard gas victims exposed during war. Studies in animals also indicate that mustard gas may
affect development. It is not known if mustard gas can cross the placenta or be passed to infants

in breast milk.
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1.7 HOW CAN FAMILIES REDUCE THE RISK OF EXPOSURE TO MUSTARD GAS?

If your doctor finds that you have been exposed to significant amounts of mustard gas, ask
whether your children might also be exposed. Your doctor might need to ask your state health

department to investigate.

The risk of exposure to mustard gas may be significant only for those who live or work near
Army bases and facilities that store it. Mustard gas is currently being destroyed at these facilities

and thus, the risk of exposure due to accidents is decreasing.

1.8 IS THERE A MEDICAL TEST TO DETERMINE WHETHER | HAVE BEEN
EXPOSED TO MUSTARD GAS?

There are effective medical tests to determine if you have been exposed to mustard gas. Mustard
gas or some of the chemicals that it makes in your body can be found by testing your blood or

urine. For more information, see Chapters 3 and 7.

1.9 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO
PROTECT HUMAN HEALTH?

The federal government develops regulations and recommendations to protect public health.
Regulations can be enforced by law. Federal agencies that develop regulations for toxic
substances include the Environmental Protection Agency (EPA), the Occupational Safety and
Health Administration (OSHA), and the Food and Drug Administration (FDA).

Recommendations provide valuable guidelines to protect public health but cannot be enforced by

law. Federal organizations that develop recommendations for toxic substances include the
Agency for Toxic Substances and Disease Registry (ATSDR) and the National Institute for
Occupational Safety and Health (NIOSH).
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Regulations and recommendations can be expressed in not-to-exceed levels in air, water, soil, or
food that are usually based on levels that affect animal, and these levels are then adjusted to help
protect people. Sometimes these not-to-exceed levels differ among federal organizations
because of different exposure times (an 8-hour workday or a 24-hour day), the use of different

animal studies, or other factors.

Recommendations and regulations are periodically updated as more information becomes
available. For the most current information, check with the federal agency or organization that

provides it. Some regulations and recommendations for mustard gas include the following:

The federal government considers mustard gas an extremely hazardous substance. The federal
government has recommended a maximum concentration in air to which the general public
should be exposed. This concentration is 0.0001 milligrams per cubic meter of air, averaged
over 3 days. Stored quantities of 500 pounds or more must be reported to the State Emergency
Response Commission, the fire department, and the Local Emergency Planning Committee.
Spills of over 1 pound must be reported to the National Response Center. For more information,

see Chapter 8.

1.10 WHERE CAN | GET MORE INFORMATION?

If you have any more questions or concerns, please contact your community or state health or

environmental quality department or

Agency for Toxic Substances and Disease Registry
Division of Toxicology

1600 Clifton Road NE, Mailstop E-29

Atlanta, GA 30333

* Information line and technical assistance

Phone: 1-888-42-ATSDR (1-888-422-8737)
Fax: 1-404-498-0057
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ATSDR can also tell you the location of occupational and environmental health clinics. These

clinics specialize in recognizing, evaluating, and treating illnesses resulting from exposure to

hazardous substances.

* To order toxicological profiles. contact

National Technical Information Service
5285 Port Royal Road

Springfield, VA 22161

Phone: 1-800-553-6847 or 1-703-605-6000
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2.1 BACKGROUND AND ENVIRONMENTAL EXPOSURES TO MUSTARD GAS IN THE
UNITED STATES

Mustard gas does not naturally occur, and, therefore, there are no background levels in the soil, air, water,
or food. Mustard gas is a chemical warfare agent. Its use has been confirmed in World War I and in the
Iran-Iraq War, and there are reports of mustard gas being utilized in other conflicts. The production of
mustard gas in the United States was discontinued in the mid-1950s. Since mustard gas is no longer
produced or used commercially in the United States, occupational and general population exposures are
expected to be low. The U.S. stockpile of mustard gas is currently stored at seven sites in the continental
United States and one site located on Johnston Island in the Pacific Ocean. If mustard gas is accidentally
released into the air, the primary routes of exposure would be inhalation or contact with eyes and skin.
Mustard gas has been found in at least 3 of the 1,585 current or former NPL sites. At hazardous waste
sites, exposure to mustard gas is also possible by dermal contact with contaminated soil or containers.

Children are expected to be exposed to mustard gas by the same routes as adults.

2.2 SUMMARY OF HEALTH EFFECTS

Numerous reports of combat exposures to mustard gas provide strong evidence of the toxic potential of
mustard gas. Additional information on the health effects of mustard gas is available from studies of
mustard gas factory workers and mustard gas testing of volunteers. As summarized below and detailed in
Chapter 3, effects that have been associated with exposure to mustard gas in humans and/or animals
include ocular and dermal injury, respiratory tract irritation, reproductive and developmental toxicity,
gastrointestinal effects, hormone alterations, hematological and lymphoreticular effects, and cancer.
Combat mustard gas exposure levels have not been quantified, and blast effects may be present
concurrently. Studies of mustard gas workers are complicated by possible concurrent exposure to other
toxic agents because factories generally produced multiple chemical warfare agents. The lack of follow-
up health assessments of human subjects in gas chamber and field tests limits the assessment of long-term
health consequences. Therefore, available human data are not appropriate for quantitative risk
assessments. Animal studies have shown that mustard gas induces similar toxic effects in animals and
humans, with the exception of blistering of animals that have fur. However, most animal studies have

been conducted with mustard gas administered by oral or intravenous routes.
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Direct Contact Effects. Data from soldiers and civilians exposed during combat, mustard gas
factory workers, mustard gas testing volunteers, and accidental exposures provide ample evidence of the
toxic potential of mustard gas to tissues coming into direct contact with mustard gas. Mustard gas
exposure results in eye irritation and burning of the skin, which begins several hours after exposure. The
severity of cutaneous injury is dose- and temperature-dependent and is directly related to the mustard gas
alkylation levels in skin. It is likely that direct contact with other tissues would have these same
dependencies. Due to the aqueous nature and accessibility, the eyes are more sensitive to mustard gas
than the skin or respiratory tract. The damage may vary from mild conjunctivitis to severe corneal
involvement with dense opacification, ulceration, and vascularization. Delayed ocular reactions,
manifested as delayed relapsing keratitis, may also occur. Early respiratory effects include shortness of
breath, a burning sensation of the vocal cords, and hemorrhagic inflammation of the tracheobronchial
mucosa accompanied by severe erosions or membranous lesions. Children appear to be more sensitive to
the irritant effects of mustard gas with manifestations of exposure occurring as early as 4 hours after
exposure, whereas effects in adults are generally delayed by at least 8 hours. In children, cough was the
first respiratory symptom. Breathing pattern alterations and erosions of the airway mucosa have also been
reported in animals. Prolonged inhalation exposure can result in chronic bronchitis or cancer of the
respiratory passages and lungs. Stomach irritation and inflammation and bleeding of the gastric mucosa
were reported in victims of combat exposure where at least small amounts were likely ingested. Similar

effects have been observed in animal studies.

Reproductive Effects. While the routes of exposure differ, animal reproductive effects data support
the long-term effects reported in humans. In a follow-up study of men who were injured by mustard gas
during the Iran-Iraq War, reduced sperm counts were reported. An increased rate of fetal deaths and an
altered sex ratio were reported in progenies of Iranian survivors of chemical attacks that included mustard
gas. An increase in fetal mortality also occurred in an animal study subsequent to the mating of orally
exposed male and unexposed female rats. Altered sex ratios have been reported in a study in rats orally
exposed to mustard gas. Abnormal sperms shapes were observed in rats exposed to mustard gas by the
oral route. The reproductive effects appear to be male dominant as no changes were seen in the number

of live fetuses or resorptions in a study of pregnant rats exposed to mustard gas in the air.
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Developmental Effects. An increased incidence of congenital malformations (skeletal and muscle
abnormalities, limb defects, anacephaly, hydrocephaly, microcephaly, cleft lip and palate, deafness,
blindness, and mental retardation) was reported among offspring of Iranian mustard gas victims. The
study could not distinguish whether the observed defects were caused only by exposure to chemical
agents or by other environmental factors as well. In animal fetuses, incidences of reduced ossification
and reduced body weight have occurred when the mother was exposed to mustard gas doses that

produced maternal toxicity.

Cancer. There is sufficient evidence that mustard gas is carcinogenic to humans. Epidemiological
studies on World War I victims exposed to mustard gas revealed an association between respiratory
exposure and the risk of developing lung cancer. Factory workers exposed to mustard gas for a number
of years have been shown to develop respiratory cancer. Although most human studies have found an
association between mustard gas exposure and respiratory cancer, some studies have not found a
significant relationship, possibly due to lower exposure levels. It is also documented that occupational
dermal exposure to mustard gas produces Bowen's diseases (precancerous dermatitis) in humans. Two
animal studies, of low predictive quality due to species strain tendency to develop lung tumors,
insufficient animals, and inadequate doses, have also shown increases in tumors from mustard gas
exposure in the air. Subcutaneous, intramuscular, and intravenous injections of mustard gas into mice

have also produced increased tumors at the site of the injection, in the mammary glands, or in the lungs.

2.3 MINIMAL RISK LEVELS (MRLs)

The details regarding calculations of the MRLs for mustard gas are described in Appendix A.

Inhalation MRLs

C An MRL of 0.0002 mg/m?® has been derived for acute-duration inhalation exposure (14 days or
less) to mustard gas.

There are numerous reports of exposure to mustard gas during combat and in mustard gas factories;
however, the exposure levels or durations were not quantified, and therefore, these data are inadequate for
deriving dose-response relationships. The acute-duration inhalation MRL was based on a lowest-

observed-adverse-effect level (LOAEL) of 21.3 mg/m’ for respiratory effects in mice that were exposed

***DRAFT FOR PUBLIC COMMENT***



MUSTARD GAS 12

2. RELEVANCE TO PUBLIC HEALTH

for 1 hour. The LOAEL was duration-adjusted to a 24-hour exposure period and dosimetrically adjusted
for humans, and an uncertainty factor of 300 [10 for use of a LOAEL, 3 for extrapolation from animals to
humans using a dosimetric adjustment, and 10 for human variability] and a modifying factor of 3 [for
proximity to serious effects (28% body weight loss at 16.9 mg/m’)] were applied to the LOAEL to derive
the MRL (see Appendix A for details). Groups of female Swiss albino mice were administered 8.5, 16.9,
21.3,26.8,42.3, or 84.7 mg/m’ of mustard gas by inhalation for 1 hour. At all mustard gas
concentrations, mice exhibited reversible sensory irritation, characterized by a pause between inspiration
and expiration, and the respiratory frequency decreased to a slower steady state after 30 minutes of
exposure. While sensory irritation was reversible (normal respiration pattern was recovered after
inhalation exposure was terminated), delayed effects of mustard gas were indicated by a significant
reduction in respiratory frequency beginning 48 hours after exposure at concentrations of $21.3 mg/m’.
The depression in respiratory frequency following exposure was related to both concentration and
postexposure time. Airflow limitation, evidenced by the decreased respiratory rate, is thought to occur
due to the effect of mustard gas on the tracheal secretory cells. In addition to the respiratory effects,
significant ($25%) reductions in body weight occurred at $16.9 mg/m’ at 7 days postexposure; however,
the magnitude of the weight reduction at 16.9 mg/m’ (28%) was greater than that observed in two other
studies in mice and guinea pigs in which weight reductions of only 14% were reported at 85 and

125 mg/m’, respectively, at similar postexposure times. ATSDR considers the respiratory system to be
the critical target for acute toxic effects of mustard gas, and the concentration of 21.3 mg/m’ to be a
LOAEL for delayed respiratory effects beginning 48 hours after exposure, for derivation of an acute-

duration inhalation MRL.

There is ample evidence of mustard gas-induced respiratory effects in humans following acute and
chronic exposures. Soldiers reported shortness of breath and early respiratory manifestations including
hemorrhagic inflammation of the tracheobronchial mucosa accompanied by severe erosions or
membranous lesions. Some exposed soldiers became temporarily aphonic due to an acid-like burning
sensation of the vocal cords. Coughing was the first respiratory symptom in children. Secondary
complications consisted of extensive stenosis of sections or the entire tracheobronchial tree, suppurative
bronchitis, and chronic respiratory infections. Scars, ulcers, strictures, and nonspecific fibrous
granulation developed in central airways after a delay of up to 15 months. Progressive deterioration of
lung compliance and gas exchange with resulting hypoxemia and hypercapnia were common with injury.
Chronic respiratory complaints included shortness of breath, chest tightness, cough, sneezing, rhinorrhea,
and sore throats. Long-term or delayed effects included central airway stenosis, bronchiectasis,

bronchiolitis, and bronchitis.
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Other studies show that factory workers who were apparently exposed to mustard gas for a few years
developed acute and chronic respiratory effects. Factory workers in Britain who were exposed to mustard
gas also showed increased deaths due to acute and chronic nonmalignant respiratory disease, including
influenza and pneumonia. Workers in a Japanese poison gas factory were more likely to have chronic
bronchitis, chronic cough, and decreased respiratory volume than nonexposed persons. A significantly
increased incidence of mortality from pneumonia was reported among 428 former workers of a mustard

gas manufacturing facility.

Short-term respiratory effects similar to those described in humans have been reported in experimental
animals. Microscopic changes of the airways and lungs were observed in rabbits and dogs exposed to
mustard gas vapor. The major pathological changes were in the nasal passages, pharynx, larynx, and
upper portion of the respiratory tract. In animals with severe injuries that survived beyond a few days, the
lesions incurred secondary infections, as in humans, leading to bronchopneunomia, which apparently was
the cause of death in many cases. Subsequent to acute (#1 hour) inhalation exposure, a decrease in

respiratory rate that lasted for up to 7 days after exposure was reported in mice and guinea pigs.

C MRLs for intermediate- (15-364 days) and chronic-duration (364 days or more) inhalation
exposure to mustard gas have not been derived because quantitative data were not available to
determine no-observed-adverse-effect levels (NOAELSs) or LOAELSs.

Oral MRLs

C An MRL of 0.0005 mg/kg/day (0.5 pg/kg/day) has been derived for acute-duration oral exposure
(14 days or less) to mustard gas.

The acute-duration oral MRL was based on a LOAEL of 0.5 mg/kg/day for inflamed mesenteric lymph
nodes in rat dams administered mustard gas by intragastric intubation. The dose is also a LOAEL for
reduced ossification in the fetuses. An uncertainty factor of 1,000 (10 for use of a LOAEL, 10 for
extrapolation from animals to humans, and 10 for human variability) was applied to the LOAEL to derive
the MRL. There were no treatment-related deaths in groups of 25—27 mated Sprague-Dawley female rats
(10-11 weeks old) that were dosed acutely on gestation days 6—15 (10 days) with 0, 0.5, 1.0, or

2.0 mg/kg/day mustard gas (95.9-96.1% purity) in sesame oil in a teratology study. Significant
incidences of inflamed mesenteric lymph nodes in dams and reduced ossification in fetuses occurred with

mustard gas doses $0.5 mg/kg/day (see Appendix A for additional details).
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There is some evidence for mustard gas-induced lymph system effects in humans. Lymph node
discoloration and spleen pathology were found in autopsies of mustard gas victims. Additional studies in
animals also indicate mustard gas-induced damage to the lymph system. Incidences of inflamed
mesenteric lymph nodes occurred at $0.4 mg/kg/day in dose-range experiments and another lymphoretic
effect, enlarged Peyer’s patches, was observed in rabbits at 0.5 mg/kg/day in a range-finding study and at
0.4 mg/kg/day in a teratology study (incidence data not reported).

C An MRL of 0.00002 mg/kg/day (0.02 pg/kg/day) has been derived for intermediate-duration oral
exposure (15-364 days) to mustard gas.

The intermediate-duration oral MRL was based on a dose of 0.03 mg/kg/day for gastrointestinal effects in
rats administered mustard gas by intragastric intubation. The corresponding time-weighted average
LOAEL used in the MRL derivation was 0.02 mg/kg/day (see Appendix A for details). An uncertainty
factor of 1,000 was applied to the LOAEL to derive the MRL. In a two-generation reproduction study,
groups of 8-week-old Sprague-Dawley rats (27 female and 20 males/group/generation) were dosed with
0, 0.03, 0.1, or 0.4 mg/kg/day mustard gas (97.3% purity) in sesame oil. Male and female rats were dosed
5 days/week for 13 weeks before mating and during a 2-week mating period. Males were dosed

5 days/week during the 21-day gestation period. Females were dosed daily (7 days/week) throughout the
21-day gestation period and 4-5 days/week during the 21-day lactation period. Mated males were
sacrificed at the birth of their pups, and dams were sacrificed when their pups were weaned. Male and
female F1 pups were treated with mustard gas until they were mated and the females became pregnant
and gave birth. The dosing of F1 dams continued until pup weaning, at which time, the study was
terminated. Significant dose-related incidence and severity of hyperplasia of the squamous epithelium of
the forestomach occurred in both sexes with mustard gas doses $0.03 mg/kg/day (see Appendix A for
additional details).

In support of the critical effect, gastrointestinal effects have been reported in humans following combat
exposure to mustard gas, in mustard gas testing volunteers, and in mustard gas factory workers.
Gastrointestinal effects (edema, hemorrhage or sloughing of the mucosa, and ulceration) were also
observed in rabbits following 14-day exposures at $0.4 mg/kg/day, in rats following 10-day exposures at
$2.0 mg/kg/day, and in rats following 13-week exposures at $0.1 mg/kg/day.

C An MRL for chronic-duration oral exposure (364 days or more) to mustard gas has not been
derived because quantitative data were not available to determine NOAELs or LOAELSs.

***DRAFT FOR PUBLIC COMMENT***



MUSTARD GAS

2. RELEVANCE TO PUBLIC HEALTH

No studies were located regarding the toxicity of mustard gas in humans or animals following chronic

oral exposure.
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3.1 INTRODUCTION

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists, and
other interested individuals and groups with an overall perspective on the toxicology of mustard gas. It
contains descriptions and evaluations of toxicological studies and epidemiological investigations and

provides conclusions, where possible, on the relevance of toxicity and toxicokinetic data to public health.

A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this profile.

The term mustard gas is used to refer to a variety of compounds. In its most common sense, it refers to
sulfur mustard (bis[2-chloroethyl]sulfide). This is the compound discussed in this profile. The term
mustard gas has also been occasionally applied to nitrogen mustards, which have not been reported at
NPL sites and are not evaluated in this profile. Mustard gas is a clear, colorless, oily liquid. As a warfare
or terrorist agent, mustard gas may have been dispersed by spraying or by explosive blasts producing a
vapor, aerosol, and/or liquid droplets. Persons involved in the manufacture, transport, or disposal of
mustard gas may also be exposed occupationally. Mustard gas corrodes and weakens containers and may
be dispersed in water, cleaning solvents, or by evaporation in air. Mustard gas is slightly soluble in water,
but both the liquid and vapor forms are readily soluble in alcohol, gasoline, kerosene, oils, fats, and
organic solvents. Mustard gas is environmentally persistent. Evaporation in air increases with increasing
temperatures, but at temperature below 14 EC, it freezes and remains in active form. Both liquid and
vapor forms readily penetrate ordinary clothing. The effects of mustard gas poisoning may be local,
systemic, or both, depending on environmental conditions, exposed organs, and extent and duration of
exposure. Because of the high lipid solubility, mustard gas quickly penetrates the lipid cell membrane.
Although mustard gas may be lethal, it is more likely to cause extensive incapacitating injuries to the
eyes, skin, and respiratory tract of exposed persons. Alkylation reactions of mustard gas with tissue are
rapid and irreversible; however, cutananeous lesions do not become apparent for one to several hours

after exposure. Burns caused by mustard gas are typically severe and require long healing periods.
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3.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To help public health professionals and others address the needs of persons living or working near
hazardous waste sites, the information in this section is organized first by route of exposure (inhalation,
oral, and dermal) and then by health effect (death, systemic, immunological, neurological, reproductive,
developmental, genotoxic, and carcinogenic effects). These data are discussed in terms of three exposure

periods: acute (14 days or less), intermediate (15-364 days), and chronic (365 days or more).

Levels of significant exposure for each route and duration are presented in tables and illustrated in
figures. The points in the figures showing no-observed-adverse-effect levels (NOAELSs) or
lowest-observed-adverse-effect levels (LOAELSs) reflect the actual doses (levels of exposure) used in the
studies. LOAELS have been classified into "less serious" or "serious" effects. "Serious" effects are those
that evoke failure in a biological system and can lead to morbidity or mortality (e.g., acute respiratory
distress or death). "Less serious" effects are those that are not expected to cause significant dysfunction
or death, or those whose significance to the organism is not entirely clear. ATSDR acknowledges that a
considerable amount of judgment may be required in establishing whether an end point should be
classified as a NOAEL, "less serious" LOAEL, or "serious" LOAEL, and that in some cases, there will be
insufficient data to decide whether the effect is indicative of significant dysfunction. However, the
Agency has established guidelines and policies that are used to classify these end points. ATSDR
believes that there is sufficient merit in this approach to warrant an attempt at distinguishing between
"less serious" and "serious" effects. The distinction between "less serious" effects and "serious" effects is
considered to be important because it helps the users of the profiles to identify levels of exposure at which
major health effects start to appear. LOAELSs or NOAELSs should also help in determining whether or not
the effects vary with dose and/or duration, and place into perspective the possible significance of these

effects to human health.

The significance of the exposure levels shown in the Levels of Significant Exposure (LSE) tables and
figures may differ depending on the user's perspective. Public health officials and others concerned with
appropriate actions to take at hazardous waste sites may want information on levels of exposure
associated with more subtle effects in humans or animals (LOAELSs) or exposure levels below which no
adverse effects (NOAELSs) have been observed. Estimates of levels posing minimal risk to humans

(Minimal Risk Levels or MRLs) may be of interest to health professionals and citizens alike.
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Estimates of exposure levels posing minimal risk to humans (Minimal Risk Levels or MRLs) have been
made for mustard gas. An MRL is defined as an estimate of daily human exposure to a substance that is
likely to be without an appreciable risk of adverse effects (noncarcinogenic) over a specified duration of
exposure. MRLs are derived when reliable and sufficient data exist to identify the target organ(s) of
effect or the most sensitive health effect(s) for a specific duration within a given route of exposure.

MRLs are based on noncancerous health effects only and do not consider carcinogenic effects. MRLs can
be derived for acute, intermediate, and chronic duration exposures for inhalation and oral routes.

Appropriate methodology does not exist to develop MRLs for dermal exposure.

Although methods have been established to derive these levels (Barnes and Dourson 1988; EPA 1990),
uncertainties are associated with these techniques. Furthermore, ATSDR acknowledges additional
uncertainties inherent in the application of the procedures to derive less than lifetime MRLs. As an
example, acute inhalation MRLs may not be protective for health effects that are delayed in development
or are acquired following repeated acute insults, such as hypersensitivity reactions, asthma, or chronic
bronchitis. As these kinds of health effects data become available and methods to assess levels of

significant human exposure improve, these MRLs will be revised.

A User's Guide has been provided at the end of this profile (see Appendix B). This guide should aid in
the interpretation of the tables and figures for Levels of Significant Exposure and the MRLs.

3.2.1 Inhalation Exposure

While mustard gas is described as smelling like mustard, horseradish, garlic, or onions, it can be difficult
to smell and may not be recognized by the general population. Due to the delayed symptoms and
difficulties associated with detection by smell, individuals may not know that they are being exposed, and
consequently, appropriate actions may not be taken. The odor threshold for mustard gas is 0.6 mg/m’
(0.0006 mg/L) (SBCCOM 1999). In humans, an ICt,, (estimated concentration-exposure time period
product incapacitating to 50% of exposed individuals) for inhalation exposure is 1,500 mg-minute/m’

(SBCCOM 1999).
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3.2.1.1 Death

Human deaths associated with mustard gas exposure occurred during World War I (an estimated

28,000 deaths), during the Italian attack on the Ethiopians in 1936, and during the Iran-Iraq War in
1980-1988. Battlefield air concentrations of mustard gas vapor during attacks in World War I were
estimated in the range 19-33 mg/m’® (Solberg et al. 1997). During chemical warfare, exposure to mustard
gas generally occurred by multiple routes. Mustard gas can cause death in several ways, and with
multiple routes, it is often difficult to determine the relative importance of local and systemic effects in
causing death. Death is often accompanied by heavy and painful coughing, vomiting, burning eyes, and
shock. Deaths have occurred immediately following exposure in the battlefield, most likely due to acute
chemical-induced pulmonary edema (Freitag et al. 1991). Mustard gas has caused death within a few
hours of exposure by inducing shock in victims of the World War 11 Bari Harbor incident and in civilians
who accidentally recovered unspent World War I mustard gas shells (Alexander 1947; Papirmeister et al.
1991). Deaths beyond the second day after the Bari incident were attributed to decreased leukocyte
counts, which reached levels below 100 cell/cm® (Dacre and Goldman 1996). While mustard gas was not
used during World War II, cargo vessels in the harbor of Bari, Italy, carrying mustard gas and explosive
munitions were bombed by German planes. In the resulting explosion, mustard gas was released in to the
air and water, exposing survivors to mustard gas vapor and to a mixture of mustard gas in oil. Deaths,
which occurred in 1-4% of the soldiers exposed during World War I, were largely due to secondary
respiratory infections. Accidental death of a family of two adults and two children occurred in 1919 in
Salaise, France after exposure to mustard gas, which evaporated from a leaking can of mustard gas-

contaminated alcohol that was being stored in the house (Dacre and Goldman 1996).

One death among 14 children (9 boys, aged 9 months to 14 years; 5 girls, aged 13 months to 9 years)
admitted to a hospital in Iran 18—24 hours following exposure to mustard gas from air bombs during the
Iran-Iraq War was reported (Momeni and Aminjavaheri 1994). The 13-month-old girl developed
pancytopenia and res